Introduction:
The study of inter molecular interactions plays an important role in the development of molecular sciences. In recent years ultrasonic technique has become powerful tool in providing information regarding the behavior of liquids and solids owing to its ability of characterizing physiochemical behavior of the medium. The study of miscibility and molecular interaction present in polymer like methylmethacrylate and solvent in a polymer solution is of great significance for engineering applications of polymers [1] . They also provide substantial information on the process involving polymer production and their uses [2, 3] . Further, polymer dissolution also plays a key role in many industrial applications in a variety of areas and an understanding of the dissolution process allows for the optimization of design and processing conditions as well as selection of suitable solvent [4, 5] . Many researchers have undertaken these studies qualitatively through ultrasonic velocity, adiabatic compressibility and viscosity measurements [6] [7] [8] [9] [10] [11] . However, there are very few studies on the quantitative study of the interactions in a polymer solution system [12, 13] .
Methylmethacrylate (MM) is a versatile fluid and has been used on a wide range of fields and applications [14, 15] . In view of growing interest, in this paper, the results of an ultrasonic velocity, density and viscosity to study the related acoustical parameters, for the binary systems of methylmethacrylate + methanol, methylmethacrylate + p-dioxane and methylmethacrylate + cyclohexane at the temperature 303K have been reported. The results are discussed in terms of molecular interactions.
II.

Theory:
Adiabatic compressibility (β a ) :
The adiabatic compressibility (βa) has been calculated from the ultrasonic velocity (U) and the density (ρ) of the medium using the equation as:
Intermolecular free length ( L f ) :
Intermolecular free length has been determined as:
Where K J is the temperature dependent Jacobson's constant [16, 17] but independent of the nature of liquid.
Free volume (V f ):
The free volume [15, 17] has been calculated in terms of ultrasonic velocity (U) and viscosity (η) of the liquid as:
Where, Meff (Effective mass) = Σ mi xi, in which mi and xi are the molecular weight and the mole fraction of the individual constituents respectively. K is the temperature independent constant, which is equal to 4.28 * 10 9 for all liquids and η be the viscosity.
Internal pressure (βi):
On the basis of statistical thermodynamics, Suryanarayana [18] , derived an expression for the determination of internal pressure (π i ) by the use of free volume concept as:
Where, b is the cubic packing which is assumed to be 2 for all liquids and solutions, K is the temperature independent constant , T is the absolute temperature, R is universal gas constant, η be the viscosity and Meff the effective molecular weight .
2.5
Relaxation time ( β): Relaxation time ( β) is the time taken for the excitation energy to appear as translational energy and it depends on temperature and on impurities. The dispersion of ultrasonic velocity in binary mixture reveals information about the characteristic time of the relaxation process that causes dispersion. The relaxation time ( β ) can be calculated from the relation as; β = (4/3) βa * η.
---------------(5) Where βa and β are adiabatic compressibility and viscosity of the liquid and liquid mixtures.
2.6
Acoustic impedance (Za): The specific acoustic impedance is given by , Za = U * ρ.
----------------(6) Where U and β are the ultrasonic velocity and density of the liquid respectively.
2.7
Gibb's free energy (βG):
The relaxation time for a given transition is related to the activation energy. The variation of relaxation time ( β ) with temperature (T) can be expressed in the form of Eyring self process theory.
The above equation can be rearranged as,
Where K B is the Boltzmann's constant (1.3806×10 ̄2 3 Jk -1 ), h is the plank's constant (6.63 x 10 -34 JS), T be the absolute temperature and β be the relaxation time.
III. Experimental Details:
The component fluid namely methylmethacrylate (solute) and the methanol, p-dioxane and cyclohexane (solvents) were obtained of Anal R grade, again they were purified and redistilled in accordance with the usual procedure [18, 19] before use. The binary mixture of various mole fractions of two component in the systems, namely methylmethacrylate + methanol, methylmethacrylate +cyclohexane and methylmethacrylate + pdioxane (here after p-dioxane referred as dioxane only), were prepared immediately before use.
The ultrasonic velocity (U) of frequency 10MHz and density (ρ) in these binary mixtures were measured by employing ultrasonic time inter-velometer(UTI -101, Innovative instrument, Hyderabad) and hydrostatic sinker method in the temperature range 10 -40 0 C, with an overall accuracy of ±0.1m/s , Ultra thermo state U-10 maintained temperature of the sample constant to ± 0.1˚C. A specially designed and fabricated double walled metallic ultrasonic cell and glass cell along with 6 -digit monopan balance permitted to achieve accuracy of 1 in 10 4 m/s in velocity and 1 in 10 4 gm in density measurement. The viscosity (η) was measured using Ostwald's viscometer with an accuracy of ± 0.0001Nm -2 S. All the precautions were taken to minimize the possible experimental error. The setup is checked for standard liquids. The values obtained are compared with Literature [18-21] values and found that, they match very well with each other. 
IV. TABLES
V.
Result discussion:
The experimentally measured and literature values [18] [19] [20] of density, velocity and viscosity for pure liquids at 303K are presented in table -4.1. Experimental density, viscosity and ultrasonic velocity values for the three binary systems namely, system-I: methylmethacrylate + methanol, system-II: methylmethacrylate +dioxane and system-III : methylmethacrylate+ cyclohexane respectively at 303K are given in the table -4.2.The parameters, adiabatic compressibility(β a ), free length (L f ), free volume(V f ),acoustic impedance (Za), internal pressure (πi), relaxation time (τ) and Gibb's free energy (ΔG) at temperature 303K are listed in table -4.3. The variation of βa, L f and Vf , Vs mole fraction(x) at 303K for the system -I : methylmethacrylate+methanol , system-II : methylmethacrylate+ dioxane & system III -methylmethacrylate+ cyclohexane are shown in the fig. 1, 2 and 3 respectively. The variation of πi, Za, τ & ΔG Vs mole fraction(x) at 303K for the system -I: methylmethacrylate + methanol, system-II: methylmethacrylate+ dioxane and system -III methylmethacrylate + cyclohexane are shown in the fig. 4, 5, 6 & 7 respectively.
From the table -4.2, it is noted that, the density (ρ) increases with increase in mole fraction for the systems-I & III i.e. for methylmethacrylate + methanol and methylmethacrylate + cyclohexane and the density decreases for the system -II i.e. for the system methylmethacrylate+ dioxane with increase in mole fraction. Ultrasonic velocity and viscosity increases with increase in mole fraction of the solute in case of the system -I (methylmethacrylate + methanol). In case of the system -II (methylmethacrylate +dioxane) ultrasonic velocity and viscosity decreases with increase in mole fraction of the solute. While in case of the system-III (methylmethacrylate + cyclohexane), ultrasonic velocity decreases, and viscosity increase with increase in mole fraction of the solute. The increase in the velocity, in the system-I (methylmethacrylate +methanol) is due to decrease in adiabatic compressibility and free length (fig-1 & fig-2 ). In the system -II (methylmethacrylate+dioxane), velocity decreases, due the increase in adiabatic compressibility and the free length (fig-1 & fig-2) .
It has been observed that for a given concentration, as the number of CH-group or Chain length changes, the sound velocity changes. This may lead to the presence of specific molecular interaction between the molecules of the liquid mixture. The adiabatic compressibility and free length are the deciding factors of the ultrasonic velocity in the liquid systems. The internal pressure decrease (fig-4 ) and free volume increase (fig-3 ) with increasing mole fraction of the salute in all the three systems. The internal pressure may gives information regarding the nature and strength of forces existing between the molecules. It represents the presence of weak interaction between the solute and solvent molecules.
Acoustic impedance (Za) increases with increase in the mole fraction of the solute in the systems-I & III and decrease in the system-II (fig-6 ). The relaxation time (τ) also increases with increasing the mole concentration of the solute in all the systems (fig-5) . The dispersion of the ultrasonic velocity in the system may contain information about the characteristic time (τ) of the relaxation process that causes dispersion. The relaxation time which is in the order of 10 -12 sec., is due to structural relaxation process [22] and in such a situation, it is suggested that, the molecules get rearranged due to co-operative process [23] .
The Gibb's free energy (ΔG) increases with increasing mole fraction the solute of all the systems (fig-7) . This may be due to the intermediate compound formation between the binary liquids. It is observed that, generally, the increase in Gibb's free energy favors the formation of product from reaction. This observation confirms the formation of hydrogen bonding in the binary mixture.
VI. Conclusion:
The molecular interactions present in methylmethacrylate with methanol, dioxane & cyclohexane as a solvent have been studied by viscosity, density and ultrasonic velocity study. Polymer solvent interactions parameters for the systems have been estimated based on Gibb's free energy calculations using data on viscosity and ultrasonic velocity of the solutions, at 303K temperature. The result indicates the existence of molecular interaction between the polymer and the solvent in their solutions. The result is also shows the presence of higher degree of molecular interaction between methylmethacrylate and methanol in solution compared to methylmethacrylate with dioxane and cyclohexane in solutions.
The computed acoustical parameters and their values show the presence of specific molecular interaction in the mixtures. Hence it is concluded that, the association in this mixture is the result of Hydrogen bonding in the binary liquid mixtures. The dependence of ultrasonic velocity and other derived parameters on composition of the mixtures is indication of the presence of molecular interactions. The interaction primarily of dipoledipole and dipole -induce dipole type and becomes stronger with mole-fraction in methylmethacrylate + methanol system.
VII.
